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Objective: To estimate the net cost of adding nicorandil to usual treatment for patients with angina and to
compare this with indicators of health benefit.
Design: Cost effectiveness analysis
Setting: Based on results of the IONA (impact of nicorandil on angina) trial.
Patients: Patients with angina fulfilling the entry criteria for the IONA trial
Interventions: In one arm of the trial nicorandil was added to existing antianginal treatment and compared
with existing treatment alone.
Main outcome measures: Costs were for use of hospital resources (for cardiovascular, cerebrovascular,
and gastrointestinal reasons), nicorandil, and care after hospital discharge. Benefits were assessed in three
ways: (1) IONA trial primary outcome (coronary heart disease (CHD) death, non-fatal myocardial
infarction, or hospital admission for cardiac chest pain); (2) acute coronary syndrome (CHD death, non-
fatal myocardial infarction, or unstable angina); and (3) event-free survivors at the end of the trial.
Results: The net cost for each additional IONA trial end point averted was 2£5 (2J7). The net cost for
each case of acute coronary syndrome averted was 2£8 (2J12). The net cost for each event-free survivor
was 2£5 (2J7). These figures are based on gastrointestinal events that were judged definitely or
probably related to nicorandil. When all gastrointestinal events were included these three ratios rose to
£567 (J835), £886 (J1305), and £516 (J760), respectively.
Conclusions: A substantial amount of the additional cost of nicorandil is offset by reduced use of hospital
services. The limited comparisons possible with other CHD interventions suggest that nicorandil compares
favourably.

A
ngina pectoris is one of the most common cardiovas-
cular conditions treated by physicians.1–3 In addition to
having symptomatic limitation, patients with angina

require long term drug treatment, are often admitted to
hospital (with an exacerbation of angina or an acute coronary
syndrome), and often require revascularisation (percuta-
neous coronary intervention or coronary artery bypass
grafting).4–6 As a result of these factors, the treatment of
angina pectoris consumes a substantial proportion of overall
spending on health care, most of which relates to hospital
admissions and revascularisation.7–9 This burden is rising
relentlessly because of the increasing numbers of both elderly
people (who are at most risk of coronary heart disease
(CHD)) and long term survivors with CHD in the aging
populations.10–12

The largest parts of the direct health care costs of angina
are those due to hospital admissions and revascularisation
procedures or operations.4–8 Consequently, new treatments
for angina that can reduce admission and revascularisation
rates have a good prospect of being cost effective. This must,
however, be proved rather than simply assumed.

Nicorandil is an antianginal drug that opens ATP sensitive
potassium channels and acts as a nitrate.13 As well as anti-
ischaemic effects, nicorandil may have a cardioprotective
action.13 The IONA (impact of nicorandil in angina) trial was
carried out in the UK in which 5126 high risk angina patients
were randomly assigned to receive either placebo
(n = 2561) or nicorandil 20 mg (n = 2565) twice daily in
addition to full conventional treatment.14 15 As already
reported, nicorandil reduced the risk of the primary
composite end point (CHD death, non-fatal myocardial
infarction (MI), or unplanned hospitalisation with cardiac

chest pain) by 17% (p = 0.014 ) over a mean follow up of 1.6
years.15 Data on revascularisations and other resource
utilisation were also collected. This report describes an
economic evaluation of the IONA trial.

METHODS
The intention to treat analysis of the IONA trial was used to
estimate costs and benefits over the duration of the trial (no
longer term projection was made). This analysis was carried
out from the perspective of the NHS. Only direct costs were
considered, and future costs and benefits were not dis-
counted to their present value because of the limited duration
of follow up.

Treatment options compared
The treatment options compared in the trial were also used in
the economic evaluation—in other words, standard back-
ground antianginal treatment alone compared with the same
treatment options with the addition of nicorandil.
Background antianginal treatment was not specified in the
trial protocol, which allowed the investigator to judge the
optimal treatment for the individual patient.14 In IONA 57%
of patients were treated with a b blocker, 55% with a calcium
channel blocker, and 87% with a nitrate; 88% were taking
aspirin. ‘‘Standard background antianginal treatment’’ is,
hereafter, referred to as ‘‘usual care’’.

Abbreviations: CCU, coronary care unit; CHD, coronary heart disease;
ICU, intensive care unit; IONA, impact of nicorandil on angina; MI,
myocardial infarction; NICE, National Institute for Health and Clinical
Excellence
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Costs and offsets included
Only net incremental costs and benefits were calculated:
costs that were similar in both treatment arms of the trial
were not considered (for example, background pharmacolo-
gical treatment). The additional costs quantified were the
cost of nicorandil (including dispensing costs and the cost of
additional physician visits) and the cost of adverse events
related to nicorandil. The cost offsets considered were
reductions in hospital admissions, including care when a
patient is admitted for procedures or surgical operations. The
net cost was compared with the net gain, in terms of the
primary outcome measure (as well as numbers of acute
coronary syndromes and number of event-free survivors), to
describe the cost effectiveness of nicorandil in the IONA trial.

Costs used in the analysis
Cost of nicorandil and associated costs
In IONA, all patients randomly assigned to the nicorandil
group received an initial eight week prescription for 10 mg
twice daily for two weeks followed by 20 mg twice daily
thereafter. All patients were assumed to have received this
treatment. Subsequently, patients were re-evaluated at four
monthly intervals and a repeat prescription was issued at
each visit. The dose prescribed at each visit was the one used
in this analysis. A 10 mg tablet costs 13.6 pence and a 20 mg
tablet, 25.9 pence.16 A 10% dispensing fee was added for each
prescription. The cost of two general practitioner visits (£19 a
visit) was added to allow for the initiation and uptitration of
nicorandil.17

Hospital admissions, procedures, and surgical
operations
Data on all hospitalisations and procedures were collected
prospectively during the trial. Investigators completed a form
describing the primary diagnosis or main procedure, date of
admission, and date of discharge (including day case
procedures). The number of days during the admission spent
on a coronary (CCU) or intensive care unit (ICU) was also
recorded.

The daily costs applied were £429 (J632) for a specialist
cardiology ward, £666 (J981) for a cardiac surgery ward,
£242 (J357) for a general medical ward, £1323 (J1949) for
ICU, and £610 (J899) for CCU.17 18 As the information
collected in the trial did not distinguish between ICU and
CCU, the daily costs of these two types of bed were averaged
(£967 (J1 425)). For day case procedures, figures of £365
(J538) and £622 (J916) were used for general medicine and
cardiothoracic surgery, respectively.18 These costs are for the
year ending 31 March 2002.

In addition, we allowed for follow up consisting of two
hospital outpatient visits (£72 (J106) each)17 and two
general practitioner visits (£19 (J28) each) for each hospital
episode.18 This was included in a secondary analysis (see
below under ‘‘Cost of potential adverse effects’’).

Only cardiovascular and cerebrovascular events were
considered in this analysis. Procedures and surgical opera-
tions were not costed separately—that is, only bed day costs
were used. Post-discharge outpatient follow up was not
included in the primary analysis of costs but they were
included in a secondary analysis reported in the results
below.

Data on length of stay were not available for 18 of the 5126
randomly allocated patients (seven in the nicorandil arm and
11 in the placebo arm) and they were omitted from the
analysis below.

Cost of potential adverse effects
The use of nicorandil was associated with a significant excess
of gastrointestinal admissions in IONA. These were evaluated

in two separate ways. In the primary analysis, only those
admissions thought by the investigator to be treatment
related were costed. In the secondary analysis all admissions
were costed and in addition all outpatient costs were
included. In both analyses, the hospital bed day costs used
were those for a general medical ward.

Analyses carried out
The primary analysis assessed the costs of nicorandil, the
extra costs related to definite gastrointestinal adverse events,
and the reduction in costs related to fewer hospital
admissions. The secondary analysis assessed the costs of
nicorandil, all gastrointestinal adverse events, hospital cost
reductions, and the costs of post-discharge care.

Incremental cost effectiveness ratios were calculated. These
compare the total cost and benefit in each of the two arms
and are expressed as the difference in costs divided by the
difference in benefits. Three different incremental cost
effectiveness ratios were calculated. The numerator (differ-
ence in total costs between the two groups) was identical in
each case. The denominator (difference in benefits between
the two groups) varied as follows: (1) the primary end point
of the IONA clinical trial (CHD death, non-fatal MI, or
hospital admission for cardiac chest pain); (2) cases of
definite acute coronary syndromes observed in the trial (CHD
death, non-fatal MI, or unstable angina); and (3) the number
of people free from any major cardiovascular event (defined
as CHD death, non-fatal MI, unstable angina, definite or
probable angina, and stroke or hospital admission for
transient ischaemic attack) at the end of the trial.

Sensitivity analysis
The sensitivity analysis focused on likely changes in clinical
practice and uncertainties in our assumptions about the
setting for treating patients. Firstly, in the UK, National
Institute for Health and Clinical Excellence (NICE) guidance
on the role of stents in angioplasty was predicted to increase
usage from around 69% to between 75 and 80%.19 In addition,
NICE is evaluating the role of drug eluting stents; if
recommended these will also increase the cost of each
procedure (while possibly reducing the restenosis rate). We
thus increased the cost of angioplasty by £100, £200, and
£500 to allow for increases in cost per procedure. Secondly,
we raised and lowered the cost of a bed day by 20% for
cardiology, cardiac surgery, and ICU/CCU.

Table 1 Gastrointestinal adverse events and
hospitalisations

Usual care
(n = 2561)

Usual care plus
nicorandil (n = 2565)

Only patients whose event was certainly, probably, or possibly due to the
trial drug

Patients 18 35
Admissions 16 31
Bed days, general medical ward 60 183
Bed days, ICU 1 0
Net extra bed days +123 on general ward, 21 on ICU
Net extra cost £28443

All patients with a gastrointestinal event
Patients 132 194
Admissions 124 185
Bed days, general medical ward 557 924
Bed days, ICU 14 10
Net extra bed days +367 on general ward, 24 on ICU
Net extra cost £83522

ICU, intensive care unit.
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RESULTS
Cost of nicorandil
A starter pack consisting of 28 times 10 mg tablets and 84
times 20 mg tablets was given to 2565 patients. Subsequently
492 packs of 10 mg tablets and 7971 packs of 20 mg tablets
(each pack containing 182 tablets) were dispensed.

The total cost of nicorandil was £453 487 (J680 082). This
rose to £498 834 (J734 887) with the 10% dispensing fee and
to £596 304 (J894 481) when the cost of general practitioner
initiation and titration visits was added.

Cost of excess gastrointestinal events
Table 1 summarises the cost of gastrointestinal events.
Significantly more admissions were associated with adverse
events among patients randomly assigned to nicorandil (132
of 2561 for usual care, 194 of 2565 for nicorandil, p , 0.05 x2

test). The net number of extra bed days attributable to
nicorandil was 367 for the general ward when all reported
gastrointestinal events were considered. Four fewer intensive
care bed days were used. The net cost in the group offered
nicorandil was £83 522 (J123 045). The costs of general
practitioner and clinic visits after discharge were £9646
(J14 211) higher in the group offered nicorandil. When only
those gastrointestinal events considered by the investigator to
be drug related were included, the net number of bed days
fell to 123 for the general ward. One less intensive care bed
day was used (net cost £28 443 (J41 903)).

Cost of cardiovascular and cerebrovascular
admissions
Tables 2 and 3 summarise the number of patients admitted,
the type of ward to which they were admitted, the number of
days spent in hospital, the cause of admission, and the costs
associated with these.

In the usual care arm, 27% of patients (683 of 2561) were
hospitalised for a cardiovascular or cerebrovascular reason
compared with 24% (609 of 2565) in the nicorandil arm
(p . 0.05, x2 test, no significant difference). The number of
admissions (including day cases) for cardiovascular or
cerebrovascular reasons in each arm was 1132 for the usual

Table 2 Numbers of hospital admissions and patients hospitalised in the IONA (impact
of nicorandil on angina) trial with a cardiovascular or cerebrovascular diagnosis

Usual care
Usual care plus
nicorandil Nicorandil impact

Number of patients randomly allocated 2561 2565
All patients

Hospital admissions 1132 968 2164
Days in hospital 6154 5230 2924
Days in hospital/admission* 5.4 (11) 5.4 (11.1) 0
Hospital admissions/patient 0.44 0.38 20.06
Days in hospital/patient* 2.4 (8) 2.0 (9) 20.4

Patients hospitalised
Patients hospitalised 683 609 274
Admissions/patient hospitalised 1.66 1.59 20.07
Days in hospital/patient hospitalised 9.0 8.6 20.4

*Mean (SD).

Table 3 Causes of hospital admissions and types of beds used

Usual
care

Usual care plus
nicorandil

Nicorandil
impact

Number of hospital admissions by cause
Angina (without revascularisation) 251 179 272
Cardiac catheterisation (angiography) 249 215 234
Chest pain (without revascularisation) 157 149 28
PTCA 116 98 218
CABG 109 88 221
AMI (without revascularisation) 66 51 215
Heart failure or shock* 48 50 +2
Arrhythmia or conduction disorders* 28 36 +8
Non-transient stroke or CVA 24 24 0
Other cardiovascular cause of admission 80 74 26

Type of hospital bed used
Bed days in CCU/ICU 1098 893 2205
Bed days in other wards 5056 4337 2718

*No surgery or procedure.
AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CCU, coronary care unit; CVA,
cerebrovascular accident; PTCA, percutaneous transluminal coronary angioplasty.
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Figure 1 Cumulative cost of hospitalisation in each arm of the trial in
months after randomisation.
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care arm and 968 for the group offered nicorandil. Because
the average length of stay in both treatment groups was
identical, the reduction in admissions resulted in a reduction
in the number of hospital bed days occupied by the nicorandil
group. A reduction was seen in both CCU/ICU bed days and
other types of bed use.

Admissions for cardiovascular procedures (for example,
angioplasty and bypass surgery) were reduced, as well as
those for events (for example MI, chest pain). Because these
events are relatively infrequent, these differences did not
achieve significance (x2 test).

The hospital costs in the group offered nicorandil were
£625 062 (J920 848) lower than in the usual care arm.
The mean cost for each patient was significantly lower in the
nicorandil group (£1182 (J1746) v £1428 (J2104) in the
usual care arm, p = 0.008, Wilcoxon two sample test).
Figure 1 shows cumulative hospital costs over time for each
group, plotted by taking account of the date of each episode
compared with the date of entry to the trial.

The costs of general practitioner and clinic visits after
discharge were £29 848 (J43 972) lower.

Combining costs and offsets
Table 4 shows the results of the primary analysis (which
included costs of nicorandil, definite gastrointestinal events,
and reduced hospitalisation). The overall net cost of care was
slightly less in the nicorandil group because the cost of
reduced hospitalisation outweighs the cost of the drug and
possible gastrointestinal events. The net cost in the group
offered nicorandil was 2£315 (2J464) (or 2£0.12 (2J0.18)
for each patient).

Table 5 and fig 2 show the results of the secondary analysis
(which included all gastrointestinal events and estimates of
post-discharge care). The net cost in the nicorandil group was
£34 562 (J50 947) (or £13 (J19) for each patient).

Incremental cost effectiveness ratios
In the primary analysis, the net cost for each IONA primary
end point averted was 2£5 (2J7) (table 5). This rose to £567
(J835) in the secondary analysis.

Taking definite acute coronary syndromes (fatal or non-
fatal MI or unstable angina) as the benefit measure, the cost
per event averted was 2£8 (2J12) in the primary analysis,
rising to £886 (J1305) in the secondary analysis.

At the end of the trial 2069 patients in the usual care arm
had not experienced a major cardiovascular event (CHD
death, non-fatal MI, unstable angina, definite or probable
angina, and stroke or hospital admission for transient
ischaemic attack) and 2136 survivors in the group offered
nicorandil were event-free. The net cost for each additional
event-free survivor was 2£5 (2J7) in the primary analysis
and £516 (J760) in the secondary analysis.

Sensitivity analysis
The sensitivity analysis was based on the primary analysis
above. Table 6 summarises the results. Increased stent use
made little difference to the net cost because the number of
angioplasties was not very different between the two groups
(see table 3). Adjusting the costs of hospital stay, however,
had more impact; the results were most sensitive to the cost
of time spent on a cardiac surgery ward, then to the cost of
ICU/CCU, and then to cost of cardiology bed days.

DISCUSSION
Angina pectoris places a huge economic burden on the health
care systems of all developed countries.6–9 This burden is
rising relentlessly because of the increasing numbers of both
elderly people (who are at most risk of CHD) and long term
survivors with CHD in the aging populations of these
societies.10–12 The largest parts of the direct health care costs
of angina are those due to hospital admissions and
revascularisation procedures or operations.4–9 It is therefore
of great clinical and economic importance that new
treatments for angina pectoris be cost effective or affordable.

The IONA trial evaluated the effect of nicorandil on the
most clinically and economically important disease specific
events experienced by patients with angina—that is, CHD
death, non-fatal MI, or unplanned hospital admission with
cardiac chest pain, with these events reflected in the primary
end point of the study.4–9 Coronary revascularisations were
also accounted for.

Table 4 Combined costs of drug, gastrointestinal events, and hospitalisations

Primary
analysis Cost/patient

Secondary
analysis Cost/patient

Nicorandil £596304 £232 £596304 £232
Net gastrointestinal adverse events £28443 £11 £83522 £33
Net cost of cardiovascular admissions 2£625062 2£244 2£625062 2£244

CCU/ICU 2£186535 2£73 NA NA
Other inpatient 2£428091 2£167 NA NA
Day cases 2£10436 2£4 NA NA

Net cost of care after discharge NA NA 2£20202 2£8
Net overall cost 2£315 2£0.12 £34562 £13

NA, not applicable.

Table 5 Incremental cost effectiveness ratios

Primary
analysis

Secondary
analysis

Net cost/primary end point averted 2£5 £567
Net cost/acute coronary syndrome averted 2£8 £886
Net cost/event-free survivor 2£5 £516
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Figure 2 Components of total cost in each arm of the trial. CCU,
coronary care unit; ICU, intensive care unit.

622 Walker, McMurray, Stewart, et al

www.heartjnl.com



Nicorandil averts primary end point events at an average
net cost of 2£5 (2J7), due to the reduction in hospital
admissions (and procedures) in the nicorandil group off-
setting the cost of drug. This rises to £567 (J835) in the
secondary analysis where the cost of the drug is no longer
offset by the reduction in hospital admissions (and proce-
dures) in the nicorandil group. The cost for each acute
coronary syndrome averted is 2£8 (2J12) in the primary
analysis and £886 (J1305) in the analysis that considers all
gastrointestinal admissions and outpatient costs. How does
this incremental cost effectiveness ratio for nicorandil
compare with other treatments? This is a difficult question
to answer, as there are very few existing cost effectiveness
analyses of antianginal drugs. Indeed, a recent and compre-
hensive systematic review could identify only one satisfactory
analysis of this type (an American modelling study compar-
ing the annual cost of three types of nitrates).20 21 However,
the range of cost effectiveness ratios for adjunctive nicorandil
appears very attractive when compared with several other
new treatments recently evaluated in a similar way.22–24 In
one clinical trial, the use of a platelet glycoprotein receptor
IIb/IIIa antagonist in acute coronary syndromes resulted in
an incremental cost effectiveness ratio of £9995 (J14 725)
for each event avoided. The incremental costs of clopidogrel
may be similarly high.25 The cost per further revascularisation
averted by the use of a coronary stent at the time of
angioplasty (compared with angioplasty without a stent) has
been calculated at £11 065 (J16 301). In a modelling
analysis based on the second European stroke prevention
study, the cost for each stroke averted of adding modified
release dipyridamole to aspirin was £1900 (J2799) (at 1996
costs).26 All of these figures are higher than the £886 (J1305)
for each acute coronary syndrome averted even when all
gastrointestinal admissions are included. As all of the above
treatments have passed into common cardiological practice,
we conclude that the cost effectiveness ratios of this order of
magnitude must be broadly acceptable. We therefore argue
that the use of nicorandil in line with the IONA protocol is
also cost effective.

Though the present study has the strength of being based
on real data, collected prospectively during a randomised
clinical trial, it also has limitations. Firstly, patients enrolled
into trials are not perfectly representative of general patient
populations, so some allowances should be made in
transferring results to day to day practice. Secondly, IONA
specifically targeted high risk angina patients. Most treat-
ments are more cost effective in higher risk patients, because
the absolute risk reduction in events (leading to hospitalisa-
tions or procedures) is greater. The favourable cost effective-
ness of nicorandil in these patients may not be generalisable
to all patients with angina. A third limitation, shared by all
analyses based on clinical trial, relates to the finite duration

of follow up. However, attempting to model outcomes and
costs beyond the end of trials is also problematic.27

In summary, the clinical benefits of nicorandil in high risk
angina patients are reflected in favourable cost effectiveness
ratios. Nicorandil, added to usual treatment, reduces the risk
of important clinical events at a modest extra cost.

ACKNOWLEDGEMENTS
This work was sponsored by Merck KGaA.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

A Walker, A D McMahon, N J K Henderson, I Ford, Robertson Centre
for Biostatistics, University of Glasgow, Glasgow, Scotland
J McMurray, H Dargie, S Hillis, Department of Cardiology, Western
Infirmary, Glasgow, Scotland
S Stewart, Division of Health Sciences, University of South Australia,
Adelaide, Australia
W Berger, Health Economics Division, Merck KGaA, Darmstadt,
Germany
K Fox, Department of Cardiology, Royal Brompton Hospital, London, UK

Competing interests: The Robertson Centre was also funded to
administer the IONA randomised clinical trial.

REFERENCES
1 Shaper AG, Cook DG, Walker M, et al. Prevalence of ischaemic heart disease

in middle aged British men. Br Heart J 1984;51:595–605.
2 Cannon PJ, Connell PA, Stockley IH, et al. Prevalence of angina as assessed

by a survey of prescriptions for nitrates. Lancet, 1988;i, 979–81.
3 Hagman M, Jonsson D, Wilhelmsen L. Prevalence of angina pectoris and

myocardial infarction in a general population sample of Swedish men. Acta
Med Scand 1977;201:571–7.

4 Clarke KW, Gray D, Hampton JR. Implication of prescriptions for nitrates: 7-
year follow up of patients treated for angina in general practice. Br Heart J
1994;71:38–40.

5 Gandhi MM, Lampe FC, Wood DA. Incidence, clinical characteristics, and
short-term prognosis of angina pectoris. Br Heart J 1995;73:193–8.

6 Hjemdahl P, Eriksson SV, Held C, et al. Prognosis of patients with stable
angina pectoris on antianginal drug therapy. Am J Cardiol 1996;77:6D–15D.

7 Stewart S, Murphy N, Walker A, et al. The current cost of angina pectoris to
the National Health Service in the UK. Heart 2003;89:1–6.

8 Liu JL, Maniadakis N, Gray A, et al. The economic burden of coronary heart
disease in the UK. Heart 2002;88:597–603.

9 Zethraeus N, Molin T, Henriksson P, et al. Costs of coronary heart disease and
stroke: the case of Sweden. J Intern Med 1999;246:151–9.

10 Kelly DT. Paul Dudley White International Lecture. Our future society: a global
challenge, Circulation 1997;95:2459–64.

11 Bonneux L, Barendregt JJ, Meeter K, et al. Estimating clinical morbidity due to
ischemic heart disease and congestive heart failure: the future rise of heart
failure. Am J Public Health 1994;84:20–8.

12 Weinstein MC, Coxson PG, Williams LW, et al. Forecasting coronary heart
disease incidence, mortality, and cost: the Coronary Heart Disease Policy
Model. Am J Public Health 1987;77:1417–26.

13 Markham A, Plosker GL, Goa KL. Nicorandil: an updated review of its use in
ischaemic heart disease with emphasis on its cardioprotective effects. Drugs
2000;60:955–74.

14 The IONA Study Group. Trial to show the impact of nicorandil in angina
(IONA): design, methodology, and management. Heart 2001;85:E9.

15 The IONA Study Group. Effect of nicorandil on coronary events in patients
with stable angina: the impact of nicorandil in angina (IONA) randomised
trial. Lancet 2002;359:1269–75.

Table 6 Sensitivity analysis

Net cost of adding
nicorandil

Net cost/
patient

Net cost/primary end
point averted

Baseline values 2£315 2£0.012 2£5
Increase angioplasty costs by £100 2£2115 2£0.82 2£35
Increase angioplasty costs by £200 2£3915 2£2 2£64
Increase angioplasty costs by £500 2£9315 2£4 2£153
Reduce cardiology cost/day by 20% £20878 £8 £342
Increase cardiology cost/day by 20% 2£21508 2£8 2£353
Reduce cardiac surgery cost/day by 20% £64110 £25 £1051
Increase cardiac surgery cost/day by 20% 2£64741 2£25 2£1061
Reduce ICU/CCU cost by 20% £36992 £14 £606
Increase ICU/CCU cost by 20% 2£37622 2£15 2£617

Economic evaluation of IONA trial 623

www.heartjnl.com



16 Anon. British National Formulary, September 2002. http://www.bnf.org.
17 Netten A, Rees T, Harrison G. Unit costs of health and social care 2001.

Canterbury: Personal Social Services Research Unit, University of Kent, 2001,
www.pssru.ac.uk/abstracts.php?id = B063 (accessed 21 November 2005).

18 Anon. Information and Statistics Division, NHS Scotland ’’Scottish Health
Service Costs 2001/2’’ www.show.scot.nhs.uk/isd/.

19 National Institute for Health and Clinical Excellence. Guidance on coronary
artery stents in the treatment of ischaemic heart disease (May 2000).
www.nice.org.uk/page.aspx?0 = 898851/.

20 Sculpher MJ, Petticrew M, Kelland JL, et al. Resource allocation for chronic
stable angina: a systematic review of effectiveness, costs and cost-effectiveness
of alternative interventions. Health Technol Assess 1998;2:1–176.

21 Larrat EP. Cost-effectiveness study of nitrate therapy using a decision analysis
methodology. Hosp Formul 1994;29:277–84.

22 Meads C, Cummins C, Jolly K, et al. Coronary artery stents in the treatment of
ischaemic heart disease: a rapid and systematic review. Health Technol Assess
2000;4:1–153.

23 McDonagh MS, Bachmann LM, Golder, et al. A rapid and systematic review
of the clinical effectiveness and cost-effectiveness of glycoprotein IIb/IIIa
antagonists in the medical management of unstable angina. Health Technol
Assess 2000;4:1–95.

24 Robinson M, Ginnelly L, Sculpher M, et al. A systematic review update of the
clinical effectiveness and cost-effectiveness of glycoprotein IIb/IIIa antagonists.
Health Technol Assess 2002;6:1–160.

25 Gaspoz JM, Coxson PG, Goldman PA, et al. Cost effectiveness of aspirin,
clopidogrel, or both for secondary prevention of coronary heart disease.
N Engl J Med 2002;346:1800–6.

26 Chambers M, Hutton J, Gladman J. Cost-effectiveness analysis of
antiplatelet therapy in the prevention of recurrent stroke in the UK: aspirin,
dipyridamole and aspirin-dipyridamole. Pharmacoeconomics
1999;16:577–93.

27 Raftery J. Methodological limitations of cost-effectiveness analysis in health
care: implications for decision making and service provision. J Eval Clin Pract
1999;5:361–6.

IMAGES IN CARDIOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

doi: 10.1136/hrt.2005.073080

Congenital foramen of the left pericardium masquerading as left ventricular aneurysm

A
69 year old woman was referred for coronary artery
bypass surgery following coronary angiography which
revealed triple vessel disease. Left ventriculogram was

reported as ‘‘left ventricular aneurysm’’ (panel A). However,
on close observation of the cine ventriculogram, the
‘‘aneurysm’’ could be seen to contract during systole.

A revised diagnosis of congenital foramen of the left
pericardium was made. This was confirmed at the time of
surgery (panel B). The left atrial appendage and part of the
lateral wall of the left ventricle was herniating through the
defect.

The latter was extended in the cephalad direction to
accommodate the left internal mammary artery pedicle used
to bypass the left anterior descending coronary artery.

Congenital foramen of the left pericardium is rare. To date
less than 50 cases have been described in the literature. It is

believed that the defect is caused by a tear in rather than a
failure of the pleuro-pericardial membrane to close. Common
presentations include angina, dyspnoea, myocardial infarc-
tion, syncope, and occasionally death. A third of patients are
asymptomatic. The defect is sometimes visible on plain chest
radiograph. ECG may reveal ST segment abnormalities
suggestive of coronary insufficiency caused by impingement
of the rim of the defect on the coronary tree.

The diagnosis is confirmed by echocardiography or during
left ventricular cinegram. Magnetic resonance imaging and
thoracoscopy have also been employed to confirm the
diagnosis. The management is directed to prevent incarcera-
tion of the myocardium. The defect can either be closed or
enlarged surgically as described above.
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Left ventricle cinegram showing the herniated left ventricular wall
through the pericardial defect.

Intraoperative photograph showing the small congenital foramen of the
left pericardium. N, neck of pericardial hernia.
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